The roots of barley plants (Hordeum vulgare L. cv Steptoe) were monitored before and after excision for net uptake of carbon dioxide, oxygen, ammonium, potassium, nitrate, and chloride and for their content of sucrose, glucose, fructose, and malic acid. All fluxes began to attenuate within 2 hours after excision. Net potassium uptake returned to control levels 6 hours after excision, but carbon dioxide, oxygen, ammonium, and nitrate fluxes continued to diminish for the remainder of the observation period. The addition of 0.1 molar glucose or 0.1 molar sucrose to excision medium had no significant effect on these changes in ion and gas fluxes. Net chloride uptake was negligible for all treatments. Sugar and malic acid content of the root declined after excision. Sucrose and glucose levels remained depressed for the entire observation period, whereas fructose and malic acid returned to control levels after 9 hours. These results indicate that excision has profound, adverse effects on root respiration and the absorption of mineral nitrogen.
Although excision ofplant tissue often produces severe changes in metabolic processes (23) , many studies of nutrient absorption have been based on data obtained from excised roots. Use of excised roots wasjustified in some cases. For example, differences in 86Rb+ influx between excised and intact barley or corn roots became insignificant after 2 to 4 h of washing (11, 12, 15) . Calcium and phosphate absorption also was relatively unaffected by excision (7, 13) . In contrast, excised barley roots absorbed less NO3 (1) and excised barley and corn roots developed smaller pH gradients (9, 12) than intact roots. These results suggest that the effects of excision may be ion specific.
Our research has compared absorption of NH4' and N03 (2, 3, 5) and determined the influence of different nutrient solutions upon respiration (4) (3, 4) . This solution initially contained 1 mM Na2SO4 to adjust ionic strength, 0.1 mM CaSO4 to maintain membrane integrity, 0.5 ,uM K2PO4 to avoid phosphate deficiency, and 50 tseq each of NH4', NO3-, K+, and Cl-. The solution was saturated with air at 35°C to set the initial concentrations of dissolved gases. To estimate total dissolved CO2, a computer-based controller maintained the proton concentration of the solution flowing past the CO2 electrode at pH 4.5 with small additions of 0.1 N H2SO4.
In the control treatment, fluxes from the roots of an intact plant were monitored for the entire experimental period. For the excision treatments, gas and nutrient fluxes from the intact roots were allowed to reach a steady rate for over 4 h; the roots were then excised just below the endosperm at the section of root that was immersed in the bath above the cuvette. The excision medium contained either nutrient solution, nutrient solution and 0.1 M glucose, or nutrient solution and 0.1 M sucrose.
Sugar and Malic Acid Contents. The plants used for measurements of sugar and malic acid contents were kept in a nutrient solution without any glucose or sucrose. Three plants were harvested before excision and at 3-h intervals after excision.
Roots of the harvested plants were submerged in liquid nitrogen for 1 min, dried overnight, and weighed. The remaining sample preparations were conducted over ice or in a cold room. The roots were ground with a tissue homogenizer in 1 ml of 60% ethanol. The homogenizer was washed with an additional 0.5 ml of 60% ethanol, and the total solution was centrifuged at 4,000g for 8 min. Finally, 20 Ml ofthe supernatant were injected through a 0.4-um filter into an HPLC system. The column in this system was an Aminex HPX-87H from Bio-Rad. It was eluted with 0.05 N H2SO4 at a flow rate of0.4 ml min-'. Sugars were detected by a differential refractometer and malic acid by UV absorbance at 210 nm. With excision, net K+ uptake rapidly became negative and returned to control levels only 6 h later (Fig. 1) . Net fluxes of C02, 02, NH4+, and NO3-began to decline significantly within 2 h after excision, continued to diminish for the next 4 h, and then remained steady at the depressed levels for the last 2 h of monitoring (Fig. 1) . The respiratory quotient (CO2 efflux/02 influx) was uniform throughout the experiment (-0.91 ± 0.02, mean ± SE). The addition of sugar to the excision medium did not significantly alter the effects of root excision ( Figs. 1 and 2 ). The root contents of sucrose, glucose, and fructose decreased significantly within 3 h of excision (Fig. 3) . Sucrose and glucose contents remained at about half their initial levels for the rest of the observation period, whereas fructose content returned to the initial level after 9 h. Malic acid content decreased slightly during the first 6 h after excision, but recovered to the initial level after 9 h (Fig. 3) .
DISCUSSION
Within a few hours of excision, root respiration and mineral nitrogen absorption decreased to less than 50% and 25%, respectively, of their control levels. This rapid and dramatic decline might result from either direct effects of excision such as a wounding response or more indirect effects such as reduction of water movement through the roots and limitations to the root carbohydrate supply.
Roots are very sensitive to perturbations: literally, rubbing roots the wrong way can substantially reduce phosphate absorption and energy charge (13), calcium absorption (18), or root pressure and exudation (16) . We tried to minimize the extent of wounding in these experiments by cutting only a small amount of tissue that was located over 2 cm outside of the root cuvette where the fluxes were actually measured. We cannot, however, discount the possibility that the 2-h delay in the response to excision might have been related to the distance between the site of excision and the roots in the cuvette. Excision reduces water movement through the roots. Not only does the passive movement of ions through the transpiration stream cease, but active translocation of ions to the shoot is disrupted. As a consequence, ions may accumulate in the roots and this, in turn, may inhibit uptake (21) . On the other hand, under similar experimental conditions, NH4' and N03 absorption were independent of large changes in water movement (20) ; therefore, the decline in fluxes observed here were probably unrelated to water flow.
Carbohydrate supply in the roots should influence NH4' and N03 absorption because these processes require substantial amounts of energy (6) . We found that mineral nitrogen absorption, root respiration, glucose content, and sucrose content decreased with time after excision in a similar fashion (Figs. 1-3 ).
This indicates that excision inhibited the uptake of NH4' and N03-through carbohydrate limitations.
These data are consistent with those from several other studies. Clement et al. (8) reported that defoliation of perennial ryegrass quickly produced a severe depression in root N03 absorption and proposed that the energy limitations were responsible. Clarkson et al. (7) and Davidian et al. (9) showed that soluble sugar content of roots declined significantly after excision.
Providing glucose or sucrose to the excised root surfaces had essentially no effect ( Figs. 1 and 2 ). (5) . Nonetheless, the response of K+ absorption to excision-a rapid decline followed by a slow recovery-was consistent with other studies (1 1, 12 ). This response was distinct from those of the gases, the other ions, glucose, and sucrose but similar to those of fructose and malic acid (Figs. 1-3 ). This may suggest a relationship among fructose content, malic acid content, and K+ absorption: fructose, through its high energy phosphate forms, provides both substrate and control of glycolysis and dark carbon fixation (14) ; malic acid, a product of both processes, plays a key role in cellular pH regulation (22) ; K+ flux into roots is dependent upon pH (17) . To establish causality among these processes would, however, require additional evidence.
In light of these findings, we advise caution in the use of excised roots for studies of root respiration and mineral nitrogen absorption.
